Evaluación de la calidad física y fisicoquímica de los principales chocolates comercializados en el Perú
Introduction
Chocolate is the generic name of homogeneous products obtained by an adequate manufacturing process from cocoa materials which may be combined with dairy products, sugars and/or sweeteners and other additives permitted under INDECOPI (2007) . The addition of vegetable fats, different from cocoa butter, should not exceed 5% of finished product. Chocolate shall contain, on a dry matter basis, not less than 35% total cocoa solids, of which 18% at least, will be cocoa butter and 14% at least, solids-not fat cocoa (INDECOPI, 2007) . Mella, Borguenson & Masson (1987) , studied the chemical composition of chocolates, physical and chemical characteristics of fat, which suggest regulate essentially control analysis of moisture, fat and crude fiber. Chocolates processing factories in Peru, usually performed analysis of basic process control (particle size, viscosity) and quality (moisture, fat and ash). Instrumental techniques (color, texture and water activity) help enhance the overall quality of chocolate, they are therefore extremely important to regulate these controls by government agencies, coinciding with the proposed by Mella et al., (1987) .
This research evaluated the quality of the main pure chocolates sold in the country to highlight the differences between the origin, the type of chocolate and formulation. Were evaluated 30 experimental units between dark chocolate (bitter and semisweet) and chocolate milk, acquired in major supermarkets of Peru. It was determined: color, hardness (as rheological parameter), particle size, water activity, moisture, fat and ash, as well as related to the declaration of ingredients on packages of chocolates under evaluation.
Material and methods

Samples
Dark and milk chocolate (Figure 1 ) unfilled or aggregates acquired in major supermarkets of Lima, Arequipa and Cusco. Chocolate were chosen major selling in supermarkets. Chocolate samples were keep in cooling rooms to avoid alteration; for milk chocolate from 18 to 22°C and for dark from 18 to 26°C (Timms, 2002) . The information printed on the packaging of each product such as: type and ingredients used in the formulation, considering the ingredient is present in greater quantity is written first, descending in value until the last recorded. Coding to identify samples was number corresponding codes from 01 to 12 for imported milk chocolates, from 13 to 16 for national milk chocolates, from 17 to 27 for imported dark chocolates and from 28 to 30 for national dark chocolates. 
Color
It was expressed as C*, H* and whiteness Index (WI obtained from the L* a* b* coordinates) according to Lohman & Hartel (1994) . Whiteness index is determined considering the "halo" on the product surface. The Minolta CR-400® colorimeter was first operated with white calibration screen in the same temperature conditions in which the measurement was made. Color images of the surfaces of chocolate were converted to CIELAB system: L* lightness range from 0 (black) to 100 (white), a* defines the red-green component and b* defines the yellow-blue component, ranging from -120 to 120. The average of L* a* b* values obtained of five samples at four different positions with 90° angle and its standard deviation. With the data obtained the whiteness index (WI) was calculated according Lohman & Hartel (1994) . (Equation 1).
Equation 1
Hardness It was measured using the texture-meter QTS Texture Analyser® with TA9 (needle probe, 1.5 mm diameter; 46 mm long and 10º max taper). The chocolates were conditioned to 20 ± 2°C by 14 days before the analysis (Afoakwa, 2008) .
The maximum penetration force through different chocolates was determined in eight samples of each product to the following conditions: total number of cycles one, initial point 5 g, test speed 2 mm.s -1 , penetration 5 mm to 20ºC and test duration from one to two minutes (Afoakwa, 2008) , converting average values of penetration force with a load of 25 kg hardness (g) using the software Texturepro® v. 2.1.
Particle size
It was determined by micrometer method MITUTOYO®, which only measures big particle size (Beckett, 2008) . The flat surfaces of the jaws micrometer cleared and set to zero. Therefore, was mixed in a container with 50 parts of sunflower oil with 50 parts of melted chocolate, a drop of the chocolate emulsion was placed in one of the jaws of the micrometer, the jaws are easily curled until the product particles were measured and the reading was taken in microns. The jaws were opened and cleaned for the next sample. Finally, three samples were evaluated by product.
Determination of water activity
It was performed with water activity-meter AQUALAB® model 3TE at 25ºC, it is employing the technique dewpoint, and it was calibrated with supersaturated solutions of: lithium chloride 8.57M and sodium chloride 6M according to AOAC, (2005) . Ground sample was prepared with approximately 300 micron diameter, it was placed in plastic circular capsule. In addition, was introduced in the chamber and carefully closed. After reading the equipment beeped indicating the process had concluded. Three samples were evaluated by product.
Determination of moisture, fat and total ash content
For moisture content was applied by drying loss in an oven, method AOAC 931.04 (2005) for three samples. For fat content (using dry sample) was applied by extracting fat with petroleum ether, Soxhlet method AOAC 963.15 (2005), for two samples. For total ash content (using dry sample) was calcined and using a muffle by AOAC, (2005) for three samples.
Statistical data processing
The random complete block design was applied (RCBD) to determine differences p<0.05 among chocolate samples according to: origin (imported and national), type of chocolate (milk and dark) and formulation (group 1, group 2 and group 3), selecting by increased demand. Selected samples from imported milk chocolates with codes 06, 10 and 11; for imported dark chocolates with codes 19, 20 and 24. Samples from national milk chocolates with codes 13, 15 and 16; for national dark chocolates codes 28, 29 and 30. In addition, group 1 were: 6, 19, 13 and 28, group 2 were: 10, 20, 15 and 29 and group 3 were: 11, 24, 16 and 30. The Statisgraphics 5.0 Plus® software was used for statistical analysis. Table 1 , shows assigned codes to the ingredients, which are made of imported milk and dark chocolates, respectively. It is observed the imported milk chocolate ingredient performed in greater quantity, sugar (in Table 1 , is assigned a value of 1), following whole milk powder as well as cocoa butter (in Table 1 , is assigned a value of 3) and the cocoa mass/skim milk powder (value of 4), with an average of 29% of cocoa, less than 35% of cocoa (INDECOPI, 2007) . For dark chocolate, first ingredient is cocoa mass, followed by sugar, cocoa butter, cocoa powder, emulsifiers (soy lecithin) and flavoring, with an average content of cocoa of 62%. Tables 2 and 3, shows ingredients of national milk and dark chocolates, it can see that the first ingredient of national milk chocolate is also sugar (value 1), followed by cocoa mass and cocoa butter (value 3) and in the evaluated samples only one chocolate was reported cocoa content on the label although currently some companies are already reporting without reaching 35% of cocoa both cases out of national standards (INDECOPI, 2007) . In national dark chocolate, the first ingredient due to the amount, is sugar (value 1), followed by cocoa mass (value 2) and third ingredient is cocoa butter (value 3) with an average of 54% of cocoa. (Tables 4 and 5) . Table 4 . Assigned value to the ingredients accordingly to declared position in the national milk chocolates (code 13-16). Table 5 . Assigned value to the ingredients accordingly to declared position in the national dark chocolates (code 28-30). Table 6 , shows values of color in two type of coordinates, first as cylindrical coordinates (L*) luminance or lightness, Chroma or saturation (C*) and tonality (H*) and second as rectangular coordinates L*, a* and b* (Jiménez, 2001) , all values for chocolates, L* value is the major in milk chocolate than dark chocolates due to dairy component in the formulation. The whiteness index (WI) is major in milk chocolates (WI 34.55) than in dark chocolates (WI 28.46), also being the highest standard deviation in the first through the different formulations on this type of product. Usually the formulation of milk chocolate is added whole milk powder, skim milk powder, whey powder and others dairy components (lactose, cream and butter) to lighten the color of the final product. The color of dark chocolate is also observed, at higher cocoa content the WI is decreasing: chocolate with 40 and 72% of cocoa WI is 29.13 and 27.24 respectively (Pastor et al., 2007) , a high cocoa content in the product becomes more stable color during storage. Dark chocolate has less standard deviation (variability) because of the ingredients in the formulation, less different ingredients, in this case only three ingredients: cocoa mass, cocoa butter and white sugar (Tables 3, 5 and 6). Accordingly to Figures 2a and 2b , there are significantly differences (p < 0.05) among average whiteness index of imported and national chocolate selected, as well as milk and dark type of chocolate. However, there are not significantly differences (p < 0.05) among three formulations selected of the three groups considering milk and dark chocolate (Figure 2c ). Table 6 , shows values range of chrome and tonality, of the components C* (7.50 to 10.42) and H* (1.91 to 14.97) for dark chocolate are lower than for milk chocolate C* (10.43 to 18.73) and H* (20.08 to 46.87). Some major differences are shown in L* and b*, first at average values of L* in milk chocolate is higher (32.28) than dark chocolate (29.72) by the presence of light-colored ingredients (sugar, milk powder, whey powder) and dairy products that has a direct impact with whiteness index (Figure 3b 
Results and discussion
Declared formulation of chocolates
Color chocolates
Hardness chocolates
The chocolate hardness is expressed in grams (Afoakwa, 2009) , thirty experimental units were evaluated at a temperature of 20 ± 2°C. Results are shown in Table 7 , where dark chocolate performed a higher average hardness value (891 g) than milk (656 g), first with values between 481 g (national) and 1204 g (imported), second with values between 111 g (imported) and 985 g (national). For these reasons, imported dark chocolates on average are harder (918 g) than all other chocolate evaluated, and milk chocolates imported on average are softer (636 g), because five of them contain butter milk, one with milk cream and the other one vegetable oil as the ingredient statement.
The findings of the evaluations carried out can be supported in the hardness of chocolate possibly more dependent on the composition of fatty acids and fatty solids content containing the product that comes from the ingredients declared. In the case of milk chocolate, the total fat consists of a mixture of cocoa butter and milk fat (milk butter and milk cream), which gives lesser hardness by the above mentioned compared to dark chocolate and greater ease of melting in the mouth by the lower melting point at body temperature. The experimental units assessed the highest standard deviation was presented to the group of national dark chocolates (277 g) being only three evaluated (codes 28, 29 and 30) which showed great differences in their hardness values. Comparing these values with Table 5 , only for national dark chocolates, hardness reflected inversely to the amount of cocoa; product with 1014 g of hardness indicated 45% cocoa and product with 481 g of hardness is 65% cocoa. For products with higher hardness in their formulation cocoa mass is indicated as a second ingredient and for those soft ones cocoa mass is first ingredient. The national dark chocolate with higher hardness also may be related to what was said by Minifie (1999) , the chocolate-flavored (less than 35% cocoa) they are harder than chocolates, theoretically hardness help to define the true chocolate, sugar particle is harder than particle cocoa mass. Besides cocoa butter substitute have another composition, they are not completely melted at 37°C (Wennemark et al., 2012) , and cocoa butter does melts at body temperature (De Bruijne, 2001 ). On the other hand consider the cocoa butter of South America (Brazil) is softer than the cocoa butters from others origins, West Africa (Minifie, 1999) and Malaysia (Beckett, 2008) .
Statistical average results shows in Figure 4b no significant differences (p < 0. 05) among type of milk and dark chocolates. However, in Figure 4c , significantly differences were observed (p < 0.05) between the three formulations selected chocolates, as comparing formulation 1 (codes: 6, 19, 13 and 28) performed value harder than formulation 2 (codes 10, 20, 15 and 29) and formulation 3 (code: 11, 24, 16 and 30) although cocoa mass is the first ingredient in formulation 1, this is not the cause and other ingredients or other causes are responsible for the greater hardness.
Particle size chocolates
We evaluated the particle size of the chocolates with use of the micrometer (detects large particles). In Table 8 , imported chocolates performed a slightly smaller particle size (19.1 microns) than national chocolates (20.2 microns). The assessed imported milk chocolates (41.7%) have a particle size less than 18.5 microns and for dark chocolate (imported and national) those products reported particle sizes less than 18.5 microns were those who had a high hardness which is according to Afoakwa (2009), low particle size, the number of particles increases in parallel with contact points between particles, resulting in a high firmness. In the statistical part, there is no significantly differences (p < 0.05) according to the chocolate origin (imported or national) (Figure 4a ), the type of chocolate (milk or dark) (Figure 4b ) and formulation (groups 1, 2 and 3) (Figure 4c) , which means the product worked under the minimum values and therefore, performed high quality. The fine particle size is the result of working with the cocoa mass using the mill machine, then chocolate mass with pre-refiner, refiner and conching machine in the chocolate line. 
Water activity chocolates
In Table 9 , with the results of the experimental units, we can afirm the 37% of chocolates evaluated beyond the upper limit (greater than 0.50) (Burndred, 2009; Cakebread, 1971 , and Hilker, 1976 , mentioned by ICMSF, 1985 and it is expected to reach 0.60 water activity (wa) values for being stored in an unsuitable environment (high relative humidity) as manifested by Minifie (1999) , dark chocolates begin to absorb moisture when the environment have 85% RH and in the case of milk chocolate will be 78% RH, because not all centers sale of chocolates in Peru has controlled relative humidity, it considering also told by Minifie (1999) , it may deteriorate before their lifetime, so the care must be taken to control the relative humidity of the stores where these products are inside.
Figures 5b shows no significantly differences (p <0.05) in the values of water activity by type of chocolate. However, Figure 5a shows there is significantly differences (p <0.05) for imported origin of those selected with national, where the latter performed a higher water activity (0.47) and, therefore, increased risk of deterioration and less time shelf life, as deterioration reaction by the presence of lipase acting values above 0.20 water activity (Minifie, 1999) . Figure 6c shows there are significantly differences among groups of formula 1 (6, 19, 13 and 28) with formula 2 (10, 20, 15 and 29) and formula 3 (11, 24, 16 and 30) , also groups of formula 2 and 3 show no significant differences between them with values lower than 0.5 of water activity. Analyzing we can infer in the group of formula 1 values are greater water activity 0.49 and these are two national and two imported chocolates both milk and dark, having in common for all these chocolates areas of the storage for center sale, possibly with greater than 65% relative humidity.
Physicochemical characteristics of chocolates
The average moisture of all products was 1.17 ± 0.47%, with national milk chocolates which had higher values (1.36 ± 0.37%); acceptable value for Kirk (2008) , reported among 0.8 to 2.3% and for INDECOPI (2007, that not detailed limit values for humidity but not for Minifie (1999) , and Beckett (2009) , reporting values less than 1% moisture, the results are shown in Table 10 . The average ash content was 1.78 ± 0.35%, with dark chocolates imported those who performed higher values (1.92 ± 0.43%) (Table 11 ). Values are regulated within the range of 1.00 to 2.35% (Kirk, 2008) . The average fat content was 34.28 ± 4.81%, being imported dark chocolates which performed higher (37.08 ± 5.05%), found within the range reported by Kirk (2008) , 30 to 40% fat content. The 13.3% of all chocolates evaluated (4 of 30) are less than 30% fat content. Minifie (1999) , mentions the existence of good quality chocolates containing less than 28% fat, which can be applied to what was found for one of 30 chocolates (3.3% of the tested products). Table 10 . Physiochemical values of imported and national milk chocolates.
Finally, it was observed 76.6% of the tested products are imported (23 of 30 chocolates), this encourages to national chocolate companies continue to develop new brands to position themselves in the local market. Furthermore, 53.5% of the evaluated (16 of 30 chocolates) are milk chocolates shown in Table 10 , which could be an indicator of the Peruvian consumer preference for the dairy flavor and sweet, that is, by formulations with lower cocoa content. Note that imported dark chocolates have higher cocoa content 62 ± 12% than national dark ones (54 ± 10%), what could sue, in order to improve the nutritional and sensory quality, a reformulation of them. Table 11 . Physiochemical values of imported and national dark chocolates.
Conclusion
Accordingly to origin, imported dark chocolate have first ingredient cocoa mass (62 ± 12% of cacao) and national dark chocolates have first ingredient sugar (cacao content = 54 ± 10%). In terms of chocolate, declared formulation, labeling ingredients, milk chocolates performed as major ingredients, the sugar and milk, chocolate can reach 35% of cacao (label), all of dark chocolates declared with 60 ± 12% of cacao. In addition, in the formulation stage, were found significantly differences in hardness due to sorted sugar and cocoa mass content, as significantly differences in water activity (0,55 ± 0,03) due to relative humidity in storage as major as 65% RH. The moisture, ash and fat content, was performed in standard chocolates.
